ABSTRACT
Similar technological scheme is main scheme for epitaxy from gas phase with using organo-metallic compounds (MOC) and hydrides as initial materials (MOCVD) framework one of perspective approaches of manufacturing of semiconductor nanoheterostructures [2, 3] . The considered in Fig. 1 reactor includes into itself high-frequency heater of graphite keeper of substrate. A flow of mixture of gases coming into the considered reaction chamber. Several components of the mixture of gases, which chemically reacting in the considered chamber during growth of an epitaxial layer. Another component of the considered mixture of gases is hydrogen, which is considered as gas-carrier.
METHOD OF SOLUTION
To model physical processes, which are existing during growth epitaxial growth, we assume, that vector of linear speed of vector linear velocity entering the reaction chamber the flow perpendicular to the surface of the substrate holder disc keeper of substrate, which rotates with angular velocity ω. In this paper we analyzed flow of the mixture of gases at atmosphere pressure and at low pressure (~0,1 of atmosphere pressure) in reaction chamber, distribution of temperature and distribution of concentration of growth component in growth zone of epitaxial layer.
We determine required values by solving the second Fick's and Fourier laws for convective diffusion and the Navier-Stokes equation. We calculate distribution of considered concentration at the distance from the surface of disk of keeper of substrate with radius R, which approximately equal to thickness of diffusion layer [3] . We determine spatio-temporal distribution of temperature by solution the following heat equation [6] ( ) ( ) ( ) [ ]
where υ υ υ υ is the speed of mixture of gases; c (T) is the heat capacitance; T (r,ϕ,z,t) is the spatiotemporal distribution of temperature; p is the density of power, which exudes in the system keeper of substrate -substrate; C (r,ϕ,z,t) is the spatio-temporal distribution of concentration of growth component, which was generated during chemical reaction.
During solution of the Eq.(1) it is necessary to take into account flowing of gas and appropriate distribution of concentration of growth component. We determine the required values by joint solution of the Navier-Stokes equation and the second Fourier law with convective term. The equations could be written as
[ ]
Here D is the diffusion component of growth component; P is the pressure; ρ is the density; ν is the kinematic viscosity. We consider regime of limiting flow of diffusion mass transport of growth component. In this limiting case we assume, that all particles of growth component precipitating and ordering on the substrate. We also assume, that flow is homogenous and one dimension in the inlet of reaction zone. In this situation boundary and initial conditions could be written as 
Here σ is the Stefan-Boltzmann constant; T r is the temperature of cooled by water walls of reaction chamber; υ 0 is the linear speed of gas flow in inlet area of growth zone; r, ϕ, z and t are the cylindrical coordinates and time; C 0 is the concentration of growth component in flow of gas mixture in inlet area of area of growth of layers; S is the surface of keeper of substrate with substrate.
Equations for components of speed of gas flow by using cylindrical coordinates could be written as (5b) 
We assume, that gas in the considered reaction chamber is ideal. In this situation the following equation is correct P=ρ RT/M.
Equations for components of vector of speed with account the relation (6) could be written as 
We calculate solution of the above system of equations by method of averaging of function corrections [7] [8] [9] [10] [11] . Framework the approach to determine the first-order approximations of components of flow of mixture of gases we replace the components on not yet known their average values υv r →α 1r , v ϕ →α 1ϕ , v z →α 1z in right sides of Eqs. (5) . The replacement leads to transformation of the Eqs.(5d)-(5f) to the following form
Solutions of the Eqs. (7) could be written as
The second-order approximations of components of speed of flow of mixture of gases could be obtained by replacement of the components in right sides of Eqs. (5) 
We determine the average values α 2r , α 2ϕ , α 2z by the standard relations ( )
Here Θ is the continuance of flowing of mixture of gases. Substitution of the approximations with the first-and the second-orders into the relation (9) gives the possibility to obtain system of equations for the considered average values 
Solution of the system of Eqs.(10) could be determine by standard approaches [12] and could be written as
where ( ) ( ) ( )
In this section we obtain the second-order approximations of components of speed of flow framework the method of averaging of function corrections. The second-order approximations is usually enough good approximations for qualitative analysis of the obtained solutions and to make several quantitative results.
Eqs. (1) and (3) with using cylindrical coordinates could be written as
To calculate spatio-temporal distributions of temperature and concentration of growth component in gas mixture we also used method of averaging of function corrections. We determine the firstorder approximations by their not yet known average values α 1T and α 1C in right sides of the above equations. Using recently considered algorithm gives us possibility to obtain relations for the first-order approximations of the considered temperature and concentration in the following form
We determine the average values α 1T and α 1C by using the standard relations ( )
Substitution of the calculated the first-order approximations into the relations (16) gives a possibility to obtain the following result [12] ( ) ( )
The second-order approximations of the temperature and the concentrations have been calculated framework standard procedure of method of averaging of function correction [7] [8] [9] [10] [11] . Framework the approach we replace the required functions in right sides of Eqs. (12) and (13) on the following sums: T→α 2T +T 1 , C→α 2C +C 1 . In this situation the second-order approximations could be written as
Average values of the second-orders of the considered temperature and concentration α 2T and α 2C have been determined by the following standard relations ( )
Substitution of the first-and the second-orders of temperature and concentration into the relations (20) gives us possibility to obtain relations for the appropriate average values in the following form
DISCUSSION
In this section we used relations (8, 9, (18) (19) (20) analyzed spatio-temporal distributions of temperature and concentration of growth component in flow of gas mixture on frequency of rotation of disk keeper of substrate ω and diffusion coefficient during MOCVD epitaxy of gallium arsenide (see Figs. 2 and 3) . The considered results have been obtained for the following case: gas-carrier hydrogen, internal diameter of reaction chamber d =200 mm, diameter of disk keeper of substrate is d 1 = 160 mm, volumetric speed of flow is 10 liter/min; frequency of rotating of keeper of substrate is ω = 20 rad/min; specific length of reaction chamber is L =200 mm. process. In this situation we do not consider the dependence. All considered dependences (Fig. 2) show faster changing of concentration with faster changing of concentration with faster achievement of saturation with low temperature in comparison with growth of epitaxial layer at atmos-pheric pressure. The Fig. 2a is also shows comparison of theoretical results (solid lines) with experimental one (points) for MOCVD epitaxy of gallium arsenide at low pressure. Using experimentally measured values (speed of growth of epitaxial layer and frequency of rotation of keeper of substrate) and accounting linear dependence of speed of growth on concentration of main growth component of growth component of gas mixture C 0 trimethylgallium [2, 5] we obtain experimental dependence C/C 0 on ω (Fig. 2a) . We find enough good coincidence of experimental dependence with experimental one. Reason of some mismatch of experimental and theoretical data is probably side reaction in gas phase [5] . Framework the reaction a part of gallium arsenide do not transit in a solid phase in reaction zone. Similar experimental dependence of C/C 0 on ω has been also obtained in [11] .
Analysis of distribution of temperature near disk keeper of substrate shows more homogenous spatial distribution of the temperature in the middle of the keeper and decreasing of the temperature on the edges of the keeper because of heat losing due to convective heat exchange. Dependence of temperature in gas phase on radial coordinate r is illustrated by Fig. 3a . We also show dependence of temperature in gas phase on axial coordinate z (see Fig. 3b ). The Figs. 3 show stationary distribution of temperature. Characteristics of temperature define development of reactions of individual thermal decomposition of main components and dopants of flow of mixture of gases during epitaxy of semiconductor layers. 
CONCLUSIONS
In this paper we introduce an analytical approach to model of physical processes, which could be find during epitaxy from gas phase, with account rotating disk keeper of substrate. We estimate spatio-temporal distributions of concentration of growth component and temperature in flow of mixture of gases. Analysis of influence of technological parameters on the above distributions have been done. We illustrate good agreement between our calculated results and experimental one. In this situation our model is enough adequate.
